Introduction
The integration of population genetics in ecotoxicology may be pertinent i) to detect possible differential physiological capacities or performances between individuals carrying particular alleles or genotypes, and ii) to explain their potential resistant or sensitive characters, sometimes resulting in increasing or decreasing frequencies in contaminated systems. 1 Different studies were conducted on the genetic and physiological responses of the European flounder (Platichthys flesus) to pollution stress, especially in estuaries along the Atlantic coast of France. 2, 3 The authors highlighted that: i) particular alleles and genotypes (allozyme data) may be likely influenced (indirectly or directly) by chemical stress; ii) fish carrying these alleles or genotypes displayed higher DNA integrity over the whole contaminated populations. In addition, relationships between genotypes and phenotypes highlighted specific trends related to pollutant estuarine characteristics.
In a more recent study, 4 new DNA markers were explored in P. flesus; cDNA and genomic sequences of the genes encoding the glyceraldehyde-3-phosphate-deshydrogenase (GAPDH), the cytosolic creatine kinase(CK), the prostaglandin D synthase (PGDS) and the betaine homocysteine methyl-transferase (BHMT) were characterized. 4 The tumor suppressor p53 gene was also considered in this study, the gene structure being already described. The exploration of the genetic polymorphism was carried out on several flounder populations along the French coast. The frequency of the p53-A allele was shown to be higher in contaminated populations (collected in the Gironde, Loire, Seine and Vilaine estuaries) compared to a reference site (Ster estuary), this increase ranging from 12.4% to 13.7%. 4 In the Vilaine estuary, mean increases of 10% in BHMT-A and PGDS-A allele frequencies were also observed compared to the Ster estuary. 4 Globally, the analysis of genetic diversity within populations and genetic differentiation suggested that the patterns of genetic structuration detected for flounders were probably more linked to local selection acting on the candidate genes than to the consequence of possible isolations by distance, or different histories of colonization. 4 In the present report, new investigations were conducted on flounder populations stemming from environmentally contrasted estuaries. Our main objective was to confirm the possible selective effects of the contaminant on the candidate genes (GAPDH, CK, PGDS, BHMT, p53) by exploring the couplings between genotypes and phenotypes in the field. 
Materials and Methods
Fish were sampled from four polluted estuaries and one moderately contaminated system: 3, 5, 6 i) the Seine undergoes a diffuse contamination similar to ones reported in heavily polluted estuaries of North America; the chemical stress of the Loire is rather similar, though organic pollutant concentrations are three times lower; ii) the Vilaine catchment is mainly impacted by agriculture and, thus high levels of pesticides are encountered as well as high winter polycyclic aromatic hydrocarbons (PAHs) levels; iii) the Gironde is also displaying a diffuse contamination, but mainly characterized by high heavy metals levels (zinc, cadmium, copper); iv) the Ster basin receives reduced inputs of domestic and agricultural effluents, and no industrial waste; it is thus considered as the reference site in our study.
Forty flounders from each estuary were caught in winter (January and February 2003), just before spawning activity's optimum. The average age was estimated using otoliths (mean±95% confidence interval): 2.05±0.9 years, 2.43±0.71 years, 2.42±0.47 years, 1.23±0.45 years, 2.72±0.79 years for respectively the Seine, Loire, Gironde, Vilaine, and Ster populations.
Total length and somatic weight were measured for each fish. For each female, ovaries were weighted and a sample was set in a Gilson solution 7 for the estimation of the relative fecundity: F (absolute fecundity/somatic weight). 3 The individual growth rate (GR) between the annuals marks of the first and second winter was estimated using otoliths. The condition factor (K) linked to energy reserves was calculated using the relation: K=somatic weight / (total fish length). 3 Changes in DNA content reflecting chromosomal damages were estimated from blood samples by flow cytometry. We assumed that high coefficients of variation of blood cell DNA content (CV) are linked to high variation in the DNA content in blood cells of a single individual, i.e. to high chromosomal damages induced by chemicals. 3 DNA extractions were performed on muscle samples collected. cDNA and gene characterizations, as well as the PCR-SSCP (Single Strand Conformation Polymorphism) technique used to detect genetic polymorphism were previously explained. 4 A Hill and Smith synthetic analysis 8 was carried out on mature female data using the ADE-4 software, 9 computing both genetic and physiological variables, in order to explore possible relationships between qualitative data (e.g. genotypes) and quantitative data (e.g. phenotypes). 
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Results and Discussion
Synthetic Hill and Smith analyses carried out on the Seine and Loire data show a similar negative correlation between CV (coefficient of variation of DNA content in blood cell) and fish age (Figures 1 and 2) . Furthermore, the genotype p53-AA is clearly associated to low CVs (high DNA integrity) comparatively to those detected for the genotypes p53-AB and p53-BB (Figures 1 and 2) . These results suggest that in these estuaries (displaying a complex mixture of heavy-metals and organic pollutants), individuals carrying the p53-AA genotype could display a better ability to maintain their DNA integrity and probably a better survival compared to individuals carrying other p53 genotypes. 10, 11 The same trend has already been shown (considering allozyme data) in previous studies on P. flesus 2,3 and on freshwater fish populations. 12, 13 In the Vilaine estuary (mainly polluted by pesticides and PAHs), a better DNA integrity is again observed for the genotypes p53-AA compared to genotypes p53-AB and p53-BB, whereas a positive correlation is observed between CV and fish age (Figure 3) . Furthermore, lower DNA damages are observed for the genotypes BHMT3-AA and PGDS-AA compared to the other BHMT and PGDS genotypes (Figure 3) .
The synthetic Hill and Smith analysis conducted in the Gironde system (mainly polluted by heavy metals), do not show any relationship between the p53 genotypes and the level of DNA damages (Figure 4 ), p53-AA being linked to high fish age and growth rate comparatively to genotypes p53-AB and p53-BB.
The genotypes-phenotypes couplings performed in the reference system (the Ster estuary, Figure 5 ) show a contrasted situation compared to what is found in polluted systems (Seine, Loire, Vilaine), the genotypes p53-AA, PGDS-AA being associated to high CVs (low DNA integrity).
Globally, our previous report 4 allowed to detect an increase of particular alleles in polluted systems (p53-A in Seine, Loire, Vilaine; BHMT3-A & PGDS-A in Vilaine) compared to a reference estuary (Ster). In the present study, individual physiological performances (phenotypes) were integrated in order to establish genotype-phenotype relations. A better ability to maintain DNA integrity was found in flounders carrying the A allele at the p53, BHMT3 and PGDS loci, in the previous polluted systems. We suggest that the polymorphism of p53, BHMT3 and PGDS in the European flounder could be related to the possible tolerance of populations facing complex mixtures (mainly organic pollutants) and in particular to their potential role at the cellular level: regulation of cell cycle -apoptosis; 4 Furthermore, the general concept of a resistant genotype in a contaminated environment being counter-selected in a pristine system 16 is confirmed in the present study: a particular high DNA damage is associated to individuals carrying the genotypes p53-AA and PGDS AA in the reference estuary.
Finally in the present report, we observe that the analysis of persistent fish populations living in chronically contaminated estuaries, compared to populations living in pristine estuaries, can provide new insights into the identification of candidate genes involved in the tolerance of fish to chemical stress in the field. This hypothesis is confirmed by a recent study performed in the United States, highlighting the functional role of the AHR2 polymorphism in the resistance of Fundulus heteroclitus to high levels of contaminants in industrial sites. 17 
